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(54) OXYGEN ELECTRODE ADDITIVE OF LOW TEMPERATURE FUEL CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an additive giving a reaction selectivity to an existing catalyst 
to prevent a drop in performance of a cathode caused by a crossover flow in a direct fuel type fuel 
cell. 

SOLUTION: The additive is a heterocyclic organic ligand having an aromatic ring and containing a 
central metal atom in an organic compound containing an atom selected from a nitrogen atom, an 
oxygen atom, a phosphorous atom, or a halogen atom, or in a clathrate compound containing at lest 
two kinds selected from a group comprising carbon, nitrogen, boron, and halogen atoms, and a 
compound having the ability adsorbed on the surfaces of catalyst particles such as platinum particles 
or a compound having a metal complex of them as an effective component is added onto an oxygen 
electrode catalyst of a low temperature fuel cell, and thereby, oxygen reduction selective reaction is 
advanced without being disturbed by fuel compounds. 
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* NOTICES * 

JPO and NCZPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The additive for oxygen poles of the low temperature form fuel cell which has the atom which has the metal 
coordination ability which has aromaticity and is chosen from a nitrogen atom, an oxygen atom, a sulfur 
atom, the Lynn atom, or a halogen atom, and is characterized by coming to contain the organic compound 
which has adsorption capacity on a catalyst front face. 
[Claim 2] 

The additive for oxygen poles of the low temperature form fuel cell which is the complex which carried out 
coordination of the organic compound according to claim 1 to the metal atom, and is characterized by 
having adsorption capacity on the catalyst front face of an oxygen pole. 
[Claim 3] 

The additive for oxygen poles of the low temperature form fuel cell according to claim 1 or 2 characterized 
by choosing the aforementioned organic compound from the group which consists of bipyridines, TAPI 
lysines, and phenanthrolines. 
[Claim 4] 

The additive for oxygen poles of the low temperature form fuel cell which makes an active principle the 
compounds which are heterocycle organic compounds which contain a central metal atom in the clathrate 
compound which comes to contain at least two sorts chosen from carbon , nitrogen , boron , and the group 
that consists of a halogen atom , and have the adsorption capacity force on catalyst particle front faces , such 
as platinum , or those metal complexes . 
[Claim 5] 

The additive for oxygen poles of the low temperature form fuel cell with which a heterocycle organic 
compound according to claim 4 is characterized by being cobalt screw cull BORAIDO or its derivative. 
[Claim 6] 

claim 2 thru/or the metal atom in 4 — the [ the Ith group of the periodic table, and ] — the [ II group and ] — 
the [ IV group, the Vth group, and ] ~ the [ VI group and ] — the [ a VII group and ] — the additive for 
oxygen poles of the claim 2 thru/or the low temperature form fuel cell of 4 characterized by being the 
organometallic complex chosen from one sort of a VIII group's metal, or two sorts or more. 
[Claim 7] 

Claim 1 thru/or the membrane electrode zygote for direct fuel mold low-temperature fuel cells using the 
additive of a publication 6 either. 
[Claim 8] 

The direct fuel mold low-temperature fuel cell using an organic fuel which has claim 1 thru/or the oxygen 
pole using the additive of a publication 6 either. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the additive which makes an oxygen reduction reaction occur selectively on a 
catalyst front face in the air pole of a direct fuel mold low-temperature fuel cell which used organic fuels, 
such as a methanol, ethanol, propanol, and glycerol. 
[Background of the Invention] 
[0002] 

In low temperature form fuel cells, such as a direct methanol fuel cell, the problem of the so-called 
crossover which the fuel supplied to the fuel electrode permeates, diffuses an electrolyte to the oxygen pole, 
and causes lowering of electromotive force, decline in fuel efficiency, etc. by reacting on the catalyst of an 
oxygen pole brings about the serious loss of power of a cell. The attempt which solves these problems has 
been made by conventionally developing membranous amelioration and the catalyst of a new class. 
However, controlling a crossover by membranous amelioration, if a fuel cell is made even if it is very 
difficult to maintain proton conductivity ability and a mechanical strength and membranous requirements 
are satisfied, junction of a catalyst and the film will not work and the engine performance will not come out 
in many cases. Moreover, in amelioration of a catalyst, although the alloy catalyst has been studied, in the 
acid film, there is an added problem of the corrosion of the 2nd and the 3rd yuan metallic element, and 
utilization is difficult. 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0003] 

This invention controls the disturbance on the front face of a catalyst by the fuel penetrated for the 
conventional oxygen pole catalyst, and solves the aforementioned problem by offering the complex additive 
which gives the reaction selectivity of an oxygen reduction reaction. 
[Means for Solving the Problem] 
[0004] 

In order that this invention persons may solve the above-mentioned problem, in low temperature form fuel 
cells, such as a direct methanol fuel cell, they are using an additive which is represented by the compound 
shown in a fuel electrode (1) of the following thru/or (6), and came to complete this invention for it being 
possible to reduce remarkably the disturbance which the fuel organic compound by crossover does to an 
oxygen pole based on a header and this knowledge. 
Namely, this invention, 

(1) The additive for oxygen poles of the low temperature form fuel cell which has the atom which has the 
metal coordination ability which has aromaticity and is chosen from a nitrogen atom, an oxygen atom, a. 
sulfur atom, the Lynn atom, or a halogen atom, and is characterized by coming to contain the organic 
compound which has adsorption capacity on a catalyst front face. 

(2) The additive for oxygen poles of the low temperature form fuel cell which is the complex which carried 
out coordination of the organic compound of the aforementioned (1) publication to the metal atom, and is 
characterized by having adsorption capacity on the catalyst front face of an oxygen pole. 

(3) The additive for oxygen poles of the low temperature form fuel cell of the above (1) or (2) publications 
which are characterized by choosing the aforementioned organic compound from the group which consists 
of bipyridines, TAPI lysines, and phenanthrolines. 

(4) The additive for oxygen poles of the low temperature form fuel cell which makes an active principle the 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 8/30/2006 



JP,2005-228497,A [DETAILED DESCRIPTION] 



Page 2 of 4 



compounds which are heterocycle organic compounds which contain a central metal atom in the clathrate 
compound which comes to contain at least two sorts choose from carbon , nitrogen , boron 3 and the group 
that consists of a halogen atom , and have the adsorption capacity force on catalyst particle front faces , such 
as platinum , or those metal complexes . 

(5) The additive for oxygen poles of the low temperature form fuel cell with which the heterocycle organic 
compound of the aforementioned (4) publication is characterized by being cobalt screw cull BORAIDO or 
its derivative. 

(6) the above (2) thru/or the metal atom in (4) — the [ the Ith group of the periodic table, and ] — the [ II 
group and ] — the [ IV group, the Vth group, and ] — the [ VI group and ] — the [ a VII group and ] — the 
additive for oxygen poles of the low temperature form fuel cell characterized by being the organometallic 
complex chosen from one sort of a VIII group's metal, or two sorts or more. 

(7) The above (1) thru/or (6) It is a membrane electrode zygote for direct fuel mold low-temperature fuel 
cells using the additive of a publication either. 

(8) The above (1) thru/or (6) It is the direct fuel mold low- temperature fuel cell using an organic fuel which 
has an oxygen pole using the additive of a publication either. 

It provides. 

[Effect of the Invention] 
[0005] 

The effectiveness by the additive of this invention can control the process in which the organic compound 

which is a fuel adsorbs and oxidizes on a catalyst front face, and can make only an oxygen reduction 

reaction cause selectively by adsorbing and blocking on a catalyst front face on the cathode pole of a low 

temperature form fuel cell. 

[Best Mode of Carrying Out the Invention] 

[0006] 

This invention offers the following compound group which can be used as an additive for the fuel oxidation 
control started on the cathode pole of a low temperature form fuel cell. 

That an organic compound has metal coordination ability in this invention says having adsorbent on metal 
catalyst front faces, such as platinum, when the compound has an atom like a nitrogen atom, an oxygen 
atom, a sulfur atom, a **** atom, and a halogen atom. 

When the organic compounds used for this invention are bipyridines, TAPI lysines, or phenanthrolines, as 
the example, a 2 and 2 , -bipyridine, 2, 6-JI (2-pyridyl) pyridine, 1, 10-phenanthroline, 4, 7-diphenyl -1, 10- 
phenanthroline, 1 , 7-phenanthroline, bathophenanthroline sulfonic acid, bathocuproine, bathocuproine 
sulfonic acid, etc. can be raised. 

These additives are made to support or live together for the catalyst of the cathode pole of a low temperature 
form fuel cell. Although it is a method of supporting a catalyst, well-known approaches, such as an approach 
immersed in a complex water solution, the approach of carrying out a spray to a catalyst, or the approach of 
adding at the time of the film and electrode zygote formation, can be used in itself. About the concentration 
of an additive, although you may make it change with the catalysts to be used, in order to prevent depositing 
by the saturation state, it is appropriate O.OOlmM - 100 mM and to use by 0. 1 mM - 10 mM preferably to 
spray liquid etc. 

Generally as a catalyst of this cathode pole, platinum powder, platinum support carbon, platinum-iron alloy 

support carbon, platinum-cobalt alloy support carbon, etc. are used. 

[0007] 

The heterocycle organic compound which contains a central metal atom in the clathrate compound which 
consists of the carbon used for the oxygen pole additive of this invention, nitrogen, boron, and a halogen 
atom means a cobalt screw (chlorination cull a bora id) or its cesium salt, a cobalt screw (tetra-hexyl cull 
BORAIDO), or its cesium salt, and is reference. R.N.Grimes, Coordination Chemistry Reviews It can 
manufacture by vol.200-202 (2000) 773-81 1. The above-mentioned clathrate compound may also contain a 
hydrogen atom. 
[0008] 

the [ which is used when the additive for oxygen poles is an organic metal medium in this invention / the Ith 
group of the periodic table, and ] - the [ II group and ] - the [ IV group, the Vth group, and ] — the [ VI 
group and ] — the [ a VII group and ] — as for a desirable thing, the following are raised as a VIII group's 
metal atom. 

I group A potassium, a rubidium, caesium, copper, silver, gold 

II group Calcium, strontium, barium, zinc, cadmium 
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III group A lanthanoids, an actinoids, aluminum, indium 

IV group Titanium, a zirconium, lead 

V group Vanadium, NIOPIUMU, a tantalum, an arsenic, antimony 

VI group Chromium, molybdenum, tungsten 

VII group Manganese 

VIII group Iron, cobalt, nickel, a ruthenium, osmium 
[0009] 

In this invention, support or the amount of coexistence of said organic compound or its complex is an 
amount which can fially control the disturbance done to the oxygen pole by the crossover of a fuel organic 
compound, and to the real surface area of a catalyst, adsorption surface area is desirable and it is 45 - 55% 
more preferably 30% or more. 

In itself, the low temperature form fuel cell which applies this invention is the usual thing, for example, says 
a phosphoric acid fuel cell, a macromolecule mold fiiel cell, etc. 

As an organic fuel of the fuel cell of this invention, a methanol, ethanol, propanol, glycerol, wood ether, etc. 

are used. 

[Example] 

[0010] 

Next, this invention is further explained to a detail based on an example. 

[0011] 

Example 1 

A 2 and 2 ! -bipyridine, 2, 6-JI (2-pyridyl) pyridine, 1, 1 0-phenanthroline, 4, 7-diphenyl -1, and 10- 
phenanthroline used the commercial thing. 

These additives were melted in the 0.05M sulfuric-acid water solution, and the effectiveness of an additive 
was evaluated using the platinum disk-platinum ring electrode of diameter 6 mm. For measurement, the 
rotating disk electrode method estimated the oxygen reduction reaction for the saturated calomel electrode 
isolated with Vycor glass as a reference electrode using the potentiostat, using a platinum wire as a counter 
electrode (electrode rotational frequency = 0 rpm; potential **** rate = 20 mV s-1). 

In the 0.05M sulfuric-acid water solution which contains 1 M methanol in drawing 1 , when oxygen gas is 
saturated, the current-potential curve on the platinum electrode at the time of nitrogen gas being saturated is 
shown. If a methanol exists, the oxidation current of a methanol will start from the 0.5 V neighborhood on 
platinum, and since this current laps with the potential range where an oxygen reduction reaction occurs, 
blocking this reaction greatly is expected. 

On the other hand, when 2 of 0.4mM and a 2-bipyridine were added in a solution, methanol oxidation 
current was controlled remarkably. Furthermore, when the same current-potential curve was measured in the 
0.05M sulfuric-acid water solution saturated in oxygen gas under methanol nonexistence, compared with 
lowering of methanol oxidation current, it turned out that lowering of oxygen reduction current is very 
small. That is, it became clear that the 2 and 2'-bipyridine added in the solution was suppressing selectively 
the active jamming over the oxygen reduction reaction by the methanol. The amount of adsorption of 2 to 
the platinum-electrode top at this time and a 2 , -bipyridine was 0.33microg/cm2. 
[0012] 

The stationary polarization curve of the oxygen reduction reaction under 2 of 0.4mM(s), 2'-bipyridine 
(additive) existence, and nonexistence is shown in drawing 2 (electrode rotational frequency = 300 rpm; 
potential **** rate = 5 mV s-1). Drawing 2 shows in a platinum independent (with no additive) case, the 
potential from which cathodic current is acquired shifting in the 0.18V (0.1M methanol) and 0.30V (1M 
methanol) negative direction at the time of methanol existence, and being strongly influenced of a methanol. 
Although the potential from which cathodic current is acquired under methanol nonexistence under 2 and 2 f - 
bipyridyl coexistence carries out the negative shift of the 0.1 V (it is because a 2 and 2'-bipyridyl sticks to 
this on a platinum front face), even if 0.1 M methanol exists, the potential from which cathodic current is 
acquired is extent which is hardly influenced but is slightly shifted to the bottom of 1M methanol existence 
at 0.06V negative side. From this, it was shown by by adding a 2 and 2 ? -bipyridine that the oxygen reduction 
reaction on platinum stops being influenced of a methanol easily. The amount of adsorption of 2 on the 
platinum electrode at this time and a 2'-pyridine was 0.3microg/cm2. 

The stationary polarization curve of the oxygen reduction reaction when carrying out 0.1 mM coexistence of 
the various additives under 0.1M methanol existence is shown in drawing 3 (electrode rotational frequency 
=300 rpm; potential **** rate =5 mV s-1). Under additive coexistence, cathodic current was acquired more 
from the positive side by each compared with the case where he has no additive. 
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Also in a diffusion-limiting-current field, there was almost no current lowering by the additive, in addition, 
the case of 4, 7-diphenyl -1, and 10-phenanthroline — bulk — it is thought that the adsorption capacity on the 
front face of platinum fell a little for the high substituent. 
[0013] 
Example 2 

The following complex was used as an additive. 

(mu-hydroxy) Tetrakis (2 and 2 ! -bipyridine) 2 copper complex; Cu2(bpy)40H 
(mu-hydroxy) Tetrakis (1, 10-phenanthroline) 2 copper complex; Cu2(phen)40H 
(mu-hydroxy) Tetrakis (1, 10-bipyridine) 2 nickel complex; nickel2(bpy)40H 
Screw (8, 9, 1 2-TORIKURO logical a bora id) Cobalt; C1COSAN 
Screw (JIKARU a bora id) Cobalt; COSAN 

These complex additives were melted in the 0.05M sulfuric-acid water solution, it considered as 0.1 mM 
concentration, and the same measurement as an example 1 was performed. The coverage of each additive to 
the real surface area of the platinum electrode at this time was about 50%. The stationary polarization curve 
of the oxygen reduction reaction under 0.1M methanol existence is shown in drawing 4 (electrode rotational 
frequency =300rpm; potential **** rate = potential 5 mV s-1). When the complex additive was made to live 
together from drawing 4 , cathodic current could be taken out from about [ 0. 1 V ] plus potential under 
methanol existence. From this, oxidation of a fuel was able to be controlled-on the cathode pole by using 
these additives. Since the ligand of COSAN was not satisfying the requirements for a claim, the potential of 
it from which it does not function as an additive but cathodic current is acquired was the same as that of 
additive-free almost. 
[0014] 

The example of reference 

The - bipyridyl, or 2 and 2 f l, lO'-phenanthroline was used for perchloric acid (mu-hydroxy) tetrakis (2 and 
2'-bipyridyl) 2 metal complex and perchloric acid (mu-hydroxy) tetrakis (1, 10-phenanthroline) 2 metal 
complex as a commercial metal salt and a commercial ligand as raw materials, the inside of a flask — 
0.5mmol(s) a copper sulfate and 5 hydrate — 6:4-25ml water: — the ligand of 1.03mmol(s) was added, 
melting and stirring in an ethanol solution. After blue became strong and precipitate generated, the 
triethylamine or the lithium hydroxide which is 25microl was added, and stirring was continued for 1 hour. 
After filtering this solution, the sodium-perchlorate water solution (0.09g / 1.75ml) was added to the 
solution, and it was left on the 1st. After carrying out precipitate a ** exception, it recrystallized by melting 
to hot water. 

[Brief Description of the Drawings] 
[0015] 

[Drawing 1] 1M Methanol-0.05M It is the graph which shows the effectiveness of an additive (2 and 2'- 
bipyridine) over the polarization curve of the platinum electrode in the inside of a sulfuric-acid water 
solution (additive concentration = 0.4mM). 

[Drawing 2] It is the graph which shows the effectiveness of an additive (2 and 2 , -bipyridine) over the 
polarization curve of the oxygen reduction reaction under methanol existence (additive concentration = 
0.4mM). 

[Drawing 3] The bottom of various additive coexistence, and 0.1M Methanol-0.05M It is the graph which 
shows the polarization curve of an oxygen reduction reaction in a sulfuric-acid water solution (oxygen 
tension = 1 atmospheric pressure; additive concentration =0.1 mM). 

[Drawing 4] The bottom of various complex additive coexistence, and 0.1M Methanol-0.05M It is the graph 
which shows the polarization curve of an oxygen reduction reaction in a sulfuric-acid water solution 
(oxygen tension = 1 atmospheric pressure; additive concentration = 0.1 mM). 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/30/2006 



JP,2005-228497,A [DRAWINGS] 



Page 1 of 2 



* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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> T- £> £ *§ > *OR*WklTtt, 2, 2' - \L fcf >J > , 2, 6- 5> (2- fcT U S?;U) 
tf U v > , 1, 10-7it>fDiJ 4, 7-v ? 7x— 10-7itVha'JV, 1 
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? u > X )V 7 * V & & E * £> if & C ttfT'f 

© }§ if i£ t- & 5 , «tt*»*fca»"r*#fl; J f , M*fc::*7i'--r*#te. ft * tt « • 

B& <"7c&, 7. 71^ — *£fc£tC*tL.> 0. OOlmM-100 mM. » S L < « 0. 1 mM~10 mMT'fS^ 

co*y-Kio»itLTtt, — tt fc a & t» * , a4fl»*-#>, a & - & ^ & a 

[ 0 0 0 7 ] 

ft*fc*j£%*«K?**Cr'NT-nai*«fkftHikttri/K;i/ h ex («* <k * /U # ^ -f K ) 
„ Xti J ?-©-trv">Atg, n/^l/htfX (fh^A+f****?^ K) > X » * © -fe -> f 
£ *M$tL , 3t%$. R.N. Grimes, Coordination Chem 
istry Reviews vol. 200-202 (2000) 7 7 3 - 8 1 lt± 

0 « js t* * s . ±m&m<t£Vai±7km&?*'$ AsV $> £^ o 

[ 0 0 0 8 ] 

, SfillSK SllVftl. 3SVSJK SVIl, ftVIIft, &.7>*SgVIIlS!©£/SiiC^ LTti* jfS 

1 v^fe © a & © fc © # & if tx & a 

i si a y a » /i/if^fA, -t* s/ * a , si , si, & 

III®! 7>^/^ KSf , T^^Z-YFjcfK, 7yV5-->A, f > V V A 

IVSl f-£-£A, v> ;l/ 3 - <j/ A , & 

VI A . ^^A, * V £ ;K US x TV^^V- 

VIS? ^ o A , t U 7" -5* > , ?>)'7fy 

vi i Si 

VI 1 131 artjVh, -vtrfo. )\,7- — V-L. * X 5 V A 

[ 0 0 0 9 ] 

^ n^t-A-t i5SIgC4^5!i6fftffl% + »tMia"L5 3 « T* & , 84 & © H « 
Ilt^LT, tfgftA^t L<li3 0%«±> i8»$L<li45~55%T?6i 

o 

*&w*'Mm-? zi&umti&mnmtit, ftis*aif ©fe©T'£f)> w^tfuvifi 

tn-;K ^ * ;U ^ — r- 71/ & H v> 5 3 = 
[00 1 0 ] 
[0011] 

gftey i 

2, 2" -etfUS^V, 2, 6- is (2-e'J ■>•;!/) £ U > , 1. 10- 7 i t > h a ij 
4, 7-^7i;;l/-l, 10-7it>'hn'J S it "ft Wl <D <£> tc 0 

15:ffl^T, ^inffloaS^WttL/i. i^lcti^f v>3 7 # M M ffi i: 

LT/Wn- ;l/#7XT-Pgf$Snfc§S*n#o*;l/«fI«: % JlSHTfi484f|v\ HI <E 
7^ X ^ «S&T'^J?lil7tK ^©fPfffiSrfT o («tSIsJte^= 0 rpm : = 
20 nV s" 1 ) o 

m 1 K.1 £ 7 — ;l/^r-&£yO. 05MBS M 7j< ?g & lc 33 T . Kfil#7. ; &f2?nLfcl§£^ R. 
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tf 8 JR # X^riSft L « £■ fc 43 2> B&lilT ©mSft-«fift . it / — Astfi 

Z £&&±T* * $ / -)l><D&<tnffi.i)' t 0. SVWStt** 6 3i S ± 9 , C <D « jftli g? fH 

-75. 0. 4mM<D2. 2' - £ tr y s> :/ * S « * fc Sin L » * , * * / - >l/ K fb « Sft 

tft L<»««nft, itc^^z-MfssTTif f x^gsatfco. osm^ & 7j< ?s 

SfccDigTK: l±^^'>T-& 3 c o fc e »«tffe:ailni«nfc2. 2' - e t! »J 

o C©B#©a&W«±^©2, 2* -Ui;i;*;yO8litt0. 33(ig/cm ! t'6of; 

10 

[0012] 

|2t0. 4mM©2. 2' - If If' J ^ V ( fin 3<J ) #SETfc&tfK##*E"FK:*3ttSK 
Jfta7t;EJS©je*#ffift»*3*-r («®H]$e^ = 300 rpn ; Wffij£3liS* = 5 iV s" 1 
) . B24>6, fi £ ¥ J£ ( 8x fin #J ft L ) Oi^tli, — ,/l/£SEBS s * V — K * «[ O 

?> ft 3 « {4 o . 1 8V (o. 1 M^?/-^;i/) o. 30V (im^/-;!/ 

) a^ifiHc s/7 h w-scfc#*>*s. 2, 2- -eeus^b 

r- ^ 7" s/ 7 h -r a # c eft 1*2, r -ti;ui?;i/tfaft8ifci6«t4<:tK±5) , 0 

£ 7 - /I/ 1£ ft T K 43 T & fc> 1* fc 0 . 0 6 Vfti(ci/7 btSiSffe^. LtliO 20 

. 2. 2* -eev ->*y%sirat5 u i: 5, a*±©»*a7cs*s^^^y-;i/<oig» 

. 3 g / c m 2 T? o fc 0 

0. 1 M^^y-^SftTttev^T, ffl 4 (O & in M * 0 . lmMft#£-£7cB#©g!Sia 
SE)SOS1ir»ii»*H3lC3;t (««IIH£& = 300 rpm ; Mffi 31 = 5 mV s" 1 ) 

. is fin #J ft # T T- « x ^ ft ?3s ira #J ft L o « ic It . i^^f ^Ifr5*v-K 

J5aRffIilil««tfi^Tt. fin n ic £ 5 * Sit <S T $& if * fro „ ft 43 , 4 . 7 - 
5? 7 x - ;1/ - 1 , 1 0-7itVhn'J^Oi*ttfrSI^I»S<Dft6e4SI'MOR 
**itf:g=FffiTLfci:#*&ti4. 30 
[0013] 

si fid fly 2 

t fB <o m & * fin m t Lrm^rco 

((i-t Kn^->) -rh^^X (2, 2' - e If U Cu 2 (bpy) 4 0H 

C^-tKn + i/) -rh^^X (1. 10-7xtV FD'jy) Zl^Sgft; Cu 2 (phen) 4 OH 
(/x-tKa^->) -rh^^X (1. 10-et!U^>) ~ — «y ^ ;!/ Ig {* ; Ni 2 (bpy) 4 OH 

\£ X (8. 9, 12- h »J * a a * ;l/ # v K) 3 A ;U I- ; C1C0SAN 

IfX (i/A/l/t^-f F) ; COSAN 

cn5.difrSJDa*0. 0 5M6ft^7.k?3r£t;:?gfrL. 0. 1 mMlSt L> SIM 1 

tmm&m?£%ft -3 fc» <:oBt©a^ii<D*siit»t5§i5iiD9joti?ii^5 o 40 

% T- & o ft „ 0. lM**y — ;P#ftTK:43t*S»J(^SEJS<0£tit#ffiffl*s&B4K:^ 
f (tt^HJESfc = 300rpm ;Sft^3iaS = ®{Si5 mV s~ 1 ) „ 0 4«fct>§i(fci£fiDSiJ*ft# 
2 3 i: . - ;H?STK 43 v> TO. l V@gy^X«{&fre>#V-KHiiStfS!»?tii 

-£ i> £ •? til ft o „ CtiJ:^ £ ft 5 ^ fin $J £ 5 £ £: £ <£ o T A V - F l§ 43 v> T 

& , m fio an i: l t » ftg -e -f . *y — K«ai*i<»&tia*(fi[t«jjSioi:»5trra«-pfe-3fc 

o 

[0014] 

iSigffi^ ((j-KKD+i') f h7+7> (2. 2' -kTtf'Ji/*^) ~ & B ft ft £> lc , 50 
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mmmm Cjt-fcFn + S/) "rh^^T, (l. l0-7it>hn'J v) — &S«B*M±. JF> 
rpIE<Dft«*ft 6 tf te, BEte?£:LT2. V - tT fc? U *J & 5 Wi I. 10' - 
7itV hD'J V^ffit^Co 7773rttC0. 5mmol<D Bit SE SI • 57k ft] % * 25m 1 <D 6 : 4 - tK : 
x?7-;I/S$tCiSfrl, «»L«:tf 51. 03mmo 1 <0 E ffi ? £ *P A □ Wfe#5$<£t>tfc 

mtf±f£ u fco^25/i 10 h y 5 > $ iiTkRfb y * * a ^in^- , \mmm.ft*Wi 

tffco £ <Dm&* 5 ifi b igffifCO. 09g/l. 75ml©ififfijR8^ h y «> A7]<}giK*ftI*. 

. 10ftlL/:o fcfcJ&Sr^giJ LfcO-6»7kk:»^ LSISIifcfTo fc „ 

[0®<Dfgm&IH0jn 

[0015] 

im * * / — ;i/-o. 05M iKK7jcSffi^Toa^«ffio»ffifti9tc«-raJSlin9J ( 

2, 2' »et!yi/*>) oaft*ity57T*« (gsiDJWfifi = 0. 4mM) o 

[0 2] ^*y-;i/#&TKifiW*»*assiSo»ffifl«K:»"r*Siin»l (2. 2 1 - if 

tryi^>) <D»*$St^77"l?«5 (^SO^Jiga = 0. 4mM) . 

[0 3] a^osiraaittST. o. im * $ s - ji-o. osm «»7k?s»*"eott*aK:K 

[04] a* (omfrmtuffl#&T . o. im y*y-/b-o. osm B6K7k»fK*"POBEjRa 
S£is©»ifln*^t^7 7t*s5 ammftf± = isee ; }$insa»fi = o. imio . 



[0 1] [0 2] 




B2 /5i^-ii.»aTizfeit*MiRa7cKaostt#ttft«ic»-r**in 

*K2,2'-t: e'Jv>)<B$&*„ = 0.4mM; EfcB: = 300 rpm; 



Potential A/ vs. RHE 



*HJffl|(2.2'-tfe»J^>)a>a*, jSJUSmS = 0.4mM; EfcBt = o rpm; 5£5I 
= 20 mV s-\ 
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im 3 ] 



4 ] 




5. 0.5 

1 0.4 
c 

S 0.3 
o 

°- 0.2 
0.1 



b 2.6-^(2-e , Jv/l-)^ , Jv> 

C 1.10-7xi->hO"J> 

d 4.7-v7x^A^1.lO-7x-t-^ho';> 

e— - JSJbofcttCL 



-35 



log, 0 (i/A) 



1 

0.9 

til 

5 0.7 
o 0.6 

lo.s 

04 




- Cu2(bpy)40H 
-CutfphenMOH 

c NaCtapy>40H 

d CICOSAW 

6 COSAN 

f 



-4.5 



(33 &*G>;£fr]&)A??T. 0.1M Jt^y— ;i/-0.05M iK&jKJSjfc^-eroKHR 
&7c£j£G>£fc*H£!&l3U StffcttE - 1 S&aE; iS&i^iftS - 0.1mM; HH£ 
ft - 300 rpm; - 5 mV s*' 



04 »*cr>a{*2SAD?n^??T, 0.1M >*./-;U0.05M fil&TKjgja^-O 
0.1 mM; sett = 300 rpm; j£5iiSflE = 5mV s-' 



